On the basis of morphology of the exterior deposits of 1558 fresh Martian impact craters, 6 crater types are defined, and the incidence of each crater type on 10 different geological units is documented. It is shown that several crater types are preferentially associated with specific target materials: radial textured craters are found primarily on Tharsis and Elysium lavas, a type of crater here called 'pancake craters' on fractured terrain, old lavas, and channel materials. The occurrence of secondary craters is also strongly terrain dependent. Three times as many craters on young lavas have secondary craters as compared to those craters on ridged and cratered plains materials, and 10 times as many have secondary craters when compared to primary craters on ancient terrain materials. The maximum radial extent of fluidized ejecta blankets is demonstrated to be a function of both crater altitude and latitude. The most extensive ejecta units are found at low altitudes and high latitudes, while the least mobile ejecta is located at high elevations and close to the equator. Only pancake craters exhibit any pronounced latitudinal variation in their distribution. These craters are almost exclusively located poleward of latitudes 40øN and 40øS. For the majority of the sample craters (N = 1333), there is no such systematic latitudinal variation in crater occurrence.
INTRODUCTION
The formation of ejecta facies surrounding fluidized craters on Mars has been attributed to a surface flow phenomenon, as a consequence of ejecta fluidization by subsurface volatiles within the target material [Head and Roth, 1976; Carr et al., 1977; Mouginis-Mark, 1977] . Atmospheric deceleration of fine ejecta may also represent an aspect of the multiphased ejecta emplacement sequence for certain Martian craters larger than 30 km in diameter [Schultz and Gault, 1979] . Although Allen [1978] has observed that rampart craters occur on nearly all major geological units on Mars, Johansen [1978] concludes that specific crater morphologies illustrate a strong correlation with latitude: the incidence of craters with fluidized ejecta increases at higher latitudes. This investigation was initiated to assess the influence of crater latitude, target material and elevation on the morphology of the ejecta facies and crater interiors as a function of crater diameter.
DATA BASE
Using techniques already developed for the collection of crater morphological data [Arvidson, 1974; Arvidson et al., 1974; Cintala et al., 1976a] , a data base containing 1558 fluidized craters was constructed from Viking orbiter images with a resolution between 40 and 220 m per picture element. The coverage of the images utilized within the analysis was restricted by those frames currently available (January 1979) at Brown University. These images correspond to photographs taken on revolutions 1-210 and 580-690 of both orbiters. The resultant distribution of the sample craters, which shows a preferential clustering of craters at the candidate Viking lander sites, is illustrated in Figure 1 . This crater distribution has been qualitatively augmented by inspection of subsequent Viking images and is considered here to reflect the basic characteristics of crater interior morphology and areal extent of the ejecta deposits.
Only morphologically fresh craters were included in the sample. Fresh craters were defined to be those that illustrate fine surface textures on their ejecta deposits, rim crest contiCopyright ¸ 1979 by the American Geophysical Union. nuity, or the preservation of floor materials analagous to similar deposits seen within fresh lunar and Mercurian craters [Arthur et al., 1963; Wood et al., 1977] . These Martian fluidized craters were subdivided into six types on the basis of the classification scheme described below. Diameter, location on the planet, elevation above 6. l-mbar Mars datum, the maximum range of the continuous ejecta facies, and the type of target material were recorded for each crater. In addition, where they were observed, the presence of a central peak, terraces, or scallops [Cintala et al., 1977] within the crater and obvious secondary craters beyond the rim were also documented.
The majority of the terrain types and all of the crater elevations were taken from the geological map of Scott and Carr [1978] . The name 'fractured terrain' was adopted from Guest et al. [1977] to describe the polygonal fractured ground in eastern Acidalia Planitia (45øN, 10øW). The unit name 'ancient terrain' was used to include the cratered plateau material and the hilly and cratered material of Scott and Carr [1978] . Craters occurring close (within 2 crater diameters) to the mouths of fluvial channels were included in the group of 'channel material craters' in an attempt to incorporate craters excavated in channel outwash materials, inferred to be the same type of target material as that for craters formed within the channels. Table A I. Mark [1977] . The ejecta materials around type I craters and the outer ejecta facies of the type 2 craters are lobate deposits that illustrate a surface flow emplacement mechanism. In contrast, the inner ejecta facies of type 2 craters possess a convex distal edge. A number of craters display multiple ejecta facies (Figure 2c ) that have a similar morphology to the lobate deposits of crater types I and 2. Such multiple lobate craters are defined here as type 3. Crater types l, 2, and 3 all possess distal ridges on their outermost ejecta facies and together constitute the fluidized craters previously described as rampart craters [McCauley, 1973; Carr et al., 1977] .
CLASSIFICATION
Type 4 craters (Figure 2d ) represent the radially textured craters of Carr et al. [1977] . This crater type is characterized by strong radial pattern of grooves and ridges on the ejecta blanket, superimposed upon sheets or small 'plates' of ejecta. Unlike crater types l, 2, and 3, there is no distal ridge present that the radially textured craters may have an ejecta morphol-ters at each latitude are type 1, while 15-30% are type 2. Beogy that is transitional in complexity for craters in the size tween 40øN and 50øS, crater types 3, 4, and 5 each constitute range 10-30 km in diameter that are excavated in geological 1-9% of the population, while the most frequent occurrence of units inferred to be coherent lavas surrounding the Tharsis type 4 craters is observed at latitudes where young lavas exist. volcanoes. Craters smaller than 10 km do not display this Poleward of 40øN and 40øS the type 6 craters become much radial texture, while craters larger than about 30 km in diame-more prevalent. At these latitudes, over 40% of all craters ter possess a more complex morphology incorporating mas-measured were of this class, while pancake craters are virtusive flow units with transverse ridging, pitted material, smooth ally absent (zero, except between 0 and 10øN, there they repmaterial superimposed upon the lobate ejecta, and secondary resent 3.5% of the total) from the equatorial latitudes. As will craters. Complex craters with these diverse ejecta materials be demonstrated in the next section, such a striking distribuhave been identified by Shultz and Gault [1979] and Mouginis-tion of pancake craters cannot be attributed to the characterMark and and are described as type 5 craters istics of any specific target material, so that in this particular (Figure 2e ) in this analysis.
The final crater group, type 6, is one described here as a 'pancake' crater ( Figure 2f ). Such craters, typically less than 5 km in diameter, were defined to be morphologically simple bowl-shaped craters that possess a single continuous ejecta facies that appears to have been emplaced by a surface flow mechanism. The distal edge of the pancake crater ejecta material is characterized by a convex slope rather than the distal ridge associated with rampart craters. Frequently, the ejecta material has traveled a proportionally greater radial distance from the parent crater in comparison to ejecta associated with other types of fluidized craters [Mouginis-Mark, 1978]. A minimum ejecta range equivalent to 3 crater radii from the center of the parent crater was required for the identification of a crater as a member of this type. In many instances this ejecta range for pancake craters was found to exceed 6 crater radii. case, crater distribution may be a latitudinal effect reflecting a tendency for more mobile ejecta to occur at high latitudes.
DISTRIBUTION OF FLUIDIZED CRATERS WITH
RESPECT TO TARGET LITHOLOGY Head [1976] and Cintala et al. [1977] have suggested that probable variations in strength, density, and other characteristics of the target material may influence the morphology of Mercurian and lunar impact craters. Such a correlation between crater morphology (crater type) and local terrain may be expected to be particularly important on Mars [Wood et al., 1978] , owing to the probable high spatial variability in rock strength and possible subsurface volatile content associated with fresh lavas, cratered and ridged plains, and the heavily cratered materials that constitute the ancient terrain. In an attempt to investigate the importance of local geology on the incidence of each crater type, the target materials associated with the sample craters were categorized into 10 main geological units, adapted from the mapping of Scott and Cart [1978] and regional studies of Guest et al. [1977] . A total of 1523 craters were observed on these 10 materials; the remainder of the population lay on chaotic and knobby materials or were very close to the rim of canyons. In order to present reasonable sampling statistics the 35 craters in these last three categories have been omitted from this part of the analysis.
The distribution of each crater type on the different materials is shown in Figure 5 , expressed as a percentage of all craters observed on that unit. Reflecting their large total number, type 1 craters constitute 32-70% of all craters on any terrain. They are most common (69.9%) on Tharsis lavas and comprise more than 60% on Elysium lavas, ridged plains, and ancient terrain. Type I craters are least numerous (32.3%) on channel materials. Type 2 craters are also relatively scarce (12.9%) on channel material and are most frequently found on ridged plains (25.1%).
Other types of craters exhibit a stronger terrain affinity than types 1 and 2. Expressed as a percentage of all craters on a specific material, multiple-facies craters (type 3) are most common (5.6%) on ridged plains and are less than 2% of the sample on fractured terrain, Tharsis, and Elysium lavas. Radially textured craters (type 4) are totally absent from fractured and ancient terrain, smooth plains, old lavas, and channel materials. In contrast, they are most common on young lavas (5.4% on Tharsis and 9.6% on Elysium) and rolling plains materials (6.5%). Complex craters (type 5) are only absent from channels and smooth plains and are most numerous on lavas, ridged and rolling plains materials, and ancient terrain. Type 5 craters represent 5-8% of the number of craters on each of these geological units.
In the previous section the pronounced asymmetry in the distribution of pancake craters (type 6) was attributed to latitudinal effects rather than physical characteristics of the target material. Figure 5 demonstrates that pancake craters represent the largest percentage of craters on channel materials (54.8%) and are also frequently found on the fractured terrain (46.2%), old lavas (28.7%), and smooth plains material (18.7%). All these units represent good candidates for higher than average subsurface volatiles: many of the channels are thought to be the product of fluvial erosion [Baker, 1978] , while all other terrains occur poleward of 40øN or 40øS, where near-surface volatiles may be concentrated [Fanale, 1976] . Conversely, geological units that could be predicted to have low volatile contents, such as recent volcanics and terrains at high elevations, possess very few pancake craters. No pancake craters were observed on the ridged plains material or Tharsis or Elysium lavas, suggesting that target materials predicted to have high 
